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(57) Abstract 

High strength foil having dead fold 
foil characteristics is produced without the 
rolling and other production problems en- 
countered with prior high strength foils by 
controlling manganese content, interanneal- 
ing temperatures and, optionally, final an- 
nealing temperatures. The alloy contains 
0.05 to 0.15 %, preferably 0.095 to 0.125 %. 
manganese by weight. Cold worked sheet is 
interannealed at a temperature of about 200 
C to about 260 °C, preferably 230° to 250 
C. to produce substantially ftally recrystal- 
lized sheet while maintaining most of the 
manganese in solid solution. The interan- 
nealed sheet is rolled to final gauge and fi- 
nally annealed, preferably at a temperature of 
about 250 **C to about 325 **C, more prefer- 
ably about 260 °C to about 325 °C. to pro- 
duce dead fold aluminum foil with a yield 
strength of at least 89.6 MPa (13 ksi), and ul- 
timate tensile strength of at least 103.4 MPa 
(15 ksi) and a Mullen rating of at least 89.6 
kPa (13 psi) at a gauge of 0.0015 cm (0.0006 
inch). 
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PROCESS OF MANUFACTURING HIGH STRENGTH ALUMINUM FOIL 

Technical Field 

This invention relates to the production of aluminum 
5 alloy products and, more specifically, to an economical, 
effective and high productivity process for making high 
strength aluminum foil . 

Background Art 

10 Aluminum foil is produced from a number of 

conventional alloys. Table I below lists nominal 
compositions and typical properties for annealed foils 
produced from typical Aluminum Association (AA) alloys . 

Table 1 

15 Nominal Compositions and Typical Properties 

Annealed Foils 



Alloy 


Si 


Fe 


Cu 


Mn 


UTS^ 
MPa 
(ksi) 


MPa 
(ksi) 


Mullen^ 
Kpa 
(psi) 


1100 


0.06 


0.45 


0.12 




73.8 
(10.7) 


40 .7 
(5.9) 


97 .2 
(14.1) 


1200 


0.17 


0.65 






69.6 
(10.1) 


42.1 

(6.1) 


59.3 
(8.6) 


8111 


0.57 


0 .57 






73 .8 
(10.7) 


46 . 9 
(6.8) 


87.6 
(12 .7) 


8015 


0.12 


0.95 




0.2 


124.1 
(18) 


103 .4 
(15) 


103 .4 
(15) 


8006 


0.22 


1.58 




0 .43 


127.6 
(18.5) 


92 .4 
(13.4) 





^ UTS = Ultimate Tensile Strength 
^YS = Yield Strength 

^ The Mullen rating is a standard measure of strength and 
formability for aluminum foil. A diaphragm is hydraulically 
pressed against the surface of the foil. The rating is the 
pressure in kPa (psi) on the foil at which it bursts. 
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One method of producing the foil is first to cast an 
ingot by a process commonly referred to as direct chill or 
DC casting. Foil made of 8006 alloy is typically produced 
by the DC casting process. The DC cast ingot is preheated 
5 to a temperature around 500 «^C and then hot rolled to 

produce a sheet having a thickness of about 0.2 to 0.38 cm 
(0.08 to 0.15 inches). This sheet is then cold rolled to 
a final thickness of 0.00076 to 0.0025 cm (0.0003 to 0.001 
inches) to produce a household foil. During the process 

10 of cold rolling, the sheet work-hardens, making it 

impossible to roll it dov/n further once a gauge of 0.005 
to 0.010 cm (0.002 to 0.004 inches) is reached. That, is 
why, after a few cold rolling passes (generally at a 
thickness of 0.005 to 0.05 cm (0.002 to 0.02 inches)), the 

15 sheet is interannealed, typically at a temperature of 

about 275 to sdDOUt 425 «^C, to recrystallize and soften the 
material and ensure easy reliability to the desired final 
gauge. The thickness of the sheet is normally reduced by 
about 80 to 99% after the interanneal. Without this 

20 anneal, work -hardening will make rolling to the final 
gauge extremely difficult, if not impossible. 

The final gauge may be about 0.0008 to 0.0025 cm 
(0.0003 to about 0.001 inches). A typical final gauge for 
household foil is 0.0015 cm (0.00061 inches). When cold 

25 rolling is finished, the foil is then given a final 

anneal, typically at about 325 to 450*>C, to produce a 
soft, **dead fold" foil with the desired formability, and 
wettability. (^^Dead fold" is an industry recognized term 
for foil that can be folded 18 0** back upon itself with no 

30 spring back.) The final anneal serves the purpose of 
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imparting the dead fold characteristics as well as 
ensuring adequate wettability by removing the rolling oils 
and other lubricants from the surface. 

Foil is also produced with other alloys such as 1100, 
5 1200, 8111 and 8015 that is first cast as a sheet on 

continuous casting machines such as belt casters , block 
casters and roll casters. Continuous casting is usually 
more productive than DC casting because it eliminates the 
separate hot rolling step as well as the soaking and 

10 preheating step and scalping of the ingot. Continuous 
casting machines such as belt casters are generally 
capable of casting a continuous sheet of aluminum alloy 
less than 5 cm (2 inches) thick and as wide as the design 
width of the caster (typically as much as 208 cm 

15 (82 inches)). The continuous cast alloy can be rolled to a 
thinner gauge immediately after casting in a continuous 
hot or warm rolling process . 

Typically, as with DC cast material, continuously 
cast sheet receives one interanneal and one final anneal . 

20 For example , the alloy may be cast and . hot or warm rolled 
to a thickness of about 0.127 to 0.254 cm (0.05 to 
0.10 inches) on the continuous caster and then cold rolled 
to a thickness of about 0.005 to 0.05 cm (0.002 to 
0.02 inches). At this stage, the sheet is interannealed 

25 to soften it and then it is cold rolled to the final gauge 
of 0.00076 to 0.00254 cm (0.0003 to 0.001 inches) and 
given a final anneal at a temperature of 325-450°C. 

As may be seen from Table I, foils having 
significantly higher strength than standard household 

30 foils (conventionally produced with alloys suoh as 1100, 
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1200 and 8111) can be produced from certain currently 
available alloys, such as DC cast alloy 8006 and 
continuously cast alloy 8015. Unfortunately, both of 
these materials create certain problems . As mentioned 
5 above, the DC casting process used with alloy 8006 is 

relatively expensive. However, continuously cast 8015 is 
very difficult to roll and cast. Recoveries are poor, 
both during casting and rolling, because of problems such 
as edge cracking. The excessive work hardening rate 

10 results in lower rolling productivity due to increased 
number of passes required thereby increasing cost. This 
eliminates most if not all of the cost advantages of 
continuous casting. 

The high iron content in both 8006 (1.2-2.0% Pe) and 

15 8015 (0.8-1.4% Fe) is another problem. Alloys with this 
level of iron cannot be recycled with valuable low iron 
alloys - the predominant example being beverage can sheet 
- without blending in primary low iron metal to reduce the 
overall iron level in the recycled metal. As a result, 

20 alloys such as 8006 and 8015 are sometimes unacceptable 
for recycling. If they are accepted at all, it may only 
be with a cost penalty. Additionally, high iron contents 
make these alloys difficult to cast and to roll into foil. 

25 Disclosure of the Invention 

According to a preferred aspect of the present 
invention, there is provided a process of producing 
aluminum foil having dead fold foil characteristics with a 
yield strength of at least 89.6 MPa (13 ksi) , and ultimate 

30 tensile strength of at least 103.4 MPa (15 ksi) and a 
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Mullen rating of at least 89.6 kPa (13 psi) at a gauge of 
0.0015 cm (0.0006 inch), wherein an aluminum alloy is cast 
to form an ingot, the ingot is cold rolled to produce a 
cold worked sheet, the cold worked sheet is interannealed , 
5 the interannealed sheet is cold rolled to a final gauge 
sheet of foil thickness, and the final gauge sheet is 
annealed. In the invention, the aluminum alloy is 
selected to contain an amount of magnesium in the range of 
0.05 to 0.15% by weight, and the cold worked sheet is 
10 interannealed at a temperature in the range of 200 to 
260«'C. 

This invention provides a process of producing a high 
strength aluminum foil with mechanical properties 
comparable to foils made of 8006 or 8015 alloys, without 

15 the difficulties and cost penalties associated with the 
production and rolling of 8006 and 8015 alloys. The 
process may be used with a number of alloys that are 
relatively easy to cast and roll with good recoveries 
(typically rolling recoveries are about 80%) . The 

20 invention is most preferably carried out with alloys 

having low iron contents (i.e. less than about 0.8% by 
weight, and preferably 0.1 to 0.7% by weight) since higher 
iron contents make casting and rolling more difficult, and 
make the resulting scrap more expensive to recycle. Thus, 

25 foils made with this process can be produced relatively 
easily and recycled without cost penalty. 

The invention requires that the manganese content of 
the alloy be between about 0.05 and abont 0.15%, 
preferably about 0.1% to about 0.12%, by weight. We have 

30 found that foils with properties matching those of 8006 or 
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8015 foils can be produced, with superior recoveries and 
other operating advantages, by controlling the manganese 
level within these ranges and controlling the interanneal 
and optionally the final annealing temperatures. 
5 As with previous processes for producing foil, sheet 

produced in the processes of this invention is 
interannealed, typically after one to three cold rolling 
passes . The process of the present invention differs from 
conventional techniques, however, by maintaining the 

10 annealing temperatures at relatively low levels that 

control the amount of manganese that precipitates from the 
alloy. We have found that manganese precipitation can be 
controlled by controlling the interanneal temperature. 
This controlled precipitation produces an interannealed 

15 sheet that can be rolled to final gauge with good 

recoveries, and produces a finished foil with superior 
mechanical properties . 

The interanneal ing temperature is maintained at a 
level that will cause substantially complete 

20 recrystallization of the cold worked sheet without causing 
unacceptable precipitation of manganese. Typically, the 
interanneal ing temperature in the process of the present 
invention is about 200 to 260'='C, and preferably between 
about 230 and about 250°C. The annealed sheet will contain 

25 at least about 0.05%, preferably at least 0.08%, and even 
more preferably about 0.09% to about 0.12% manganese in 
solid solution, where it can have the greatest impact on 
the mechanical properties of the finished foil. 

Final annealing temperatures are also preferably 

3 0 controlled, and are matched to the interanneal ing 



994262BA1J_> 



wo 99/42628 PCT/CA 99/001 38 

7 

temperatures and manganese content of the alloy to achieve 
the best balance of mechanical properties and processing 
characteristics. As with the interannealing temperatures, 
the final annealing temperatures are significantly below 
5 the annealing temperatures utilized in conventional foil 
production processes . In the processes of the present 
invention, the final annealing temperature is preferably 
about 250°C to about 325°C, and more preferably between 
about 260°C and about .290°C. With the levels of manganese 

10 that remain in solid solution following interannealing, 
the final gauge sheet can be finally annealed at these 
temperatures to produce a soft, formable foil, with the 
dead fold characteristic that is very much desired in an 
aluminum foil, while still retaining strength and other 

15 mechanical properties equivalent to 8015 foil. 

Brief Description of the Drawing 

Figure 1 has annealing curves illustrating the 
qualitative effects of different manganese contents on an 
20 aluminum alloy. 

Best Modes for Carrying out the Invention 

The process of this invention can be practiced with a 
wide variety of alloy compositions, including 

25 modifications of alloy compositions currently utilized for 
the production of foil stock. As mentioned above, the 
alloy should contain about 0.05 to about 0.15% manganese 
by weight in order to achieve the benefits of this 
invention. Strong foils can be produced with alloys 

3 0 containing higher levels of manganese, such as 8015, but 
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these alloys tend to be very difficult to roll because of 
the higher work hardening rate . With levels of manganese 
below about 0.05%, mechanical properties decline 
precipitously as the final annealing temperature 
5 increases, which makes it very difficult to obtain strong 
foil. Thus, the manganese level should be between about 
0.05% and about 0.15%, preferably between about 0.095% and 
about 0.125%. 

Other alloying ingredients frequently used in foil 

10 alloys, such as silicon, iron, copper and magnesium, do 
not appear to affect the interrelationship between 
annealing temperatures, formability and final mechanical 
properties in the same manner as manganese. However, it 
will normally be desirable to include at least some of 

15 these ingredients in order to control certain other 

properties. Typically, the alloy may include from about 
0.05% to about 0.6% silicon, about 0.1% to about 0.7% 
iron, and up to about 0.25% copper with the balance 
aluminum and incidental impurities . Silioon is known to 

20 influence the surface quality of the foil stock, thereby 
avoiding smut in the rolling process. Silicon, iron and 
copper all increase the strength of the finished product. 

Alloys useful in the process of this invention can be 
cast with any conventional casting processes, including DC 

25 ingot casting process as well as continuous casting 

systems. However, because of the processing economies 
available with continuous casting, this approach is 
preferable. Several continuous casting processes and 
machines in current commercial use are suitable, including 

30 belt casters, block casters and roll casters. These 
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casters are generally capable of casting a continuous 
sheet of aluminum alloy less than one inch thick and as 
wide as the design width of the caster, which may be in 
the range of 178 to 216 cm (70 to 85 inches) . The 
5 continuously cast alloy can be rolled, if desired, to a 
thinner gauge immediately after casting in a continuous 
hot and warm rolling process. This form of casting 
produces an endless sheet which is relatively wide and 
relatively thin. If hot and warm rolled immediately after 

10 casting the sheet leaving the casting and rolling process 
may have a thickness of about 0.127 to 0.254 cm (0.05 to 
0 . 1 inches ) when coiled . 

The sheet is then cold rolled to final gauge in a 
series of passes through a cold rolling mill . As is 

15 customary in this type of rolling process, an interanneal 
is performed, usually after the first or second pass, so 
that the sheet can be rolled to final foil gauge, and the . 
foil is given a final annealing treatment when it has been 
rolled to the desired gauge in order to produce a soft, 

20 dead fold foil with a desired level of formability. 
However, in the processes of this invention, unlike 
conventional processes, both the interannealing 
temperature and the final annealing temperature are 
controlled and coordinated with the manganese level in the 

25 alloy in order to produce superior mechanical properties 
in the final foil without sacrificing processing 
characteristics . 

Figure 1 qualitatively illustrates the relationship 
between annealing temperature and yield strength at 

3 0 different annealing temperatures for the aluminum alloys 
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used in the foil production processes of this invention. 
Curve A represents an alloy having about 0.03% manganese 
in solid solution. Figure B represents an alloy with 
about 0.15% manganese in solid solution. On these curves, 
5 as the temperature of the alloy is initially increased 
over the flat initial section of the curve, frequently 
called the recovery region, rearrangement of dislocations 
caused in previous cold working begins . A 
recrystallization region follows, in which the original 

10 crystalline structure of the alloy prior to cold working 
is restored. As the alloy recrystallizes, mechanical 
properties fall while elongation increases . The bottom 
portion of the curve shows a recrystallized material whose 
properties remain relatively constant while some grain 

15 growth occurs. 

Conventional annealing temperatures frequently cause 
precipitation of alloying ingredients such as manganese 
during recrystallization. With manganese levels between 
about 0.05% and about 0.15% the manganese is quickly 

20 precipitated out at interannealing temperatures exceeding 
260°C. As can be appreciated from curve A in Figure 1, 
this leaves a foil whose properties decline precipitously 
with increasing final anneal temperature, making it 
difficult if not impossible to obtain mechanical 

25 properties comparable to 8015 foil. The . contrast with 
foils having about 0.15% maganese in solid solution, 
represented by curve B, is evident. With the increased 
manganese level, the mechanical properties of the foil 
decline slowly with increasing final annealing 

30 temperature. This makes it possible to choose an 
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annealing temperature which produces both mechanical 
properties comparable with 8006 or 8015 alloy and dead 
fold characteristics . 

We have found that foil having mechanical properties 
5 comparable to those of 8015 alloy can be produced without 
the excessive work hardening, edge cracking, poor 
recoveries and other problems normally associated with the. 
production of 8 015 alloy. We achieve this with alloy 
compositions containing between about 0.05% and about 

10 0.15%, preferably about 0.095% to about 0.125% manganese, 
and inter annealing at a temperature between about 200°C and 
about 260°C, preferably between about 23 0°C and about 
250°C. This finding is surprising because manganese has a 
very low diffusion coefficient and its precipitation rate 

15 at temperatures below 3 00°C would not be expected to be 
very high. Nonetheless, as the examples set forth below 
illustrate, alloys with a manganese level between about 
0.05% and 0.15% can be interannealed successfully at the 
lower temperatures described herein, and the interannealed 

2 0 sheet can be further rolled and finally annealed to 
produce foil stock having superior properties. 

Higher interanneal temperatures can be tolerated with 
increasing levels of manganese. For example, at a 
manganese level of 0.2%, the level of alloy 8015, an 

25 interanneal temperature of 275*^C produces the superior 
mechanical properties shown in Table 1. However, this 
high level of manganese results in lower productivity due 
to high work hardening , - edge cracking and other problems 
which largely offset the superior properties obtained, with 

30 this composition. 
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We prefer to interanneal at temperatures slightly 
below the point where manganese begins to precipitate from 
solution. With typical alloy compositions such as those 
described above and a. manganese content of about 0.1%, 
5 this temperature will normally be about 240°C to 250°C. 
The optimum interanneal ing and final annealing conditions 
for any particular alloy may be determined empirically by 
conducting tests at various annealing temperatures. The 
interanneal is typically performed in a conventional batch 

10 annealing furnace with the annealing temperature measured 
by a thermocouple located near the center of the coil . 
The annealing times is typically about 4 to 8 hours, 2 to 
3 hours is believed to be adequate for some alloys. 
Longer annealing times at the desired temperature should 

15 not be detrimental to the properties of the sheet, but are 
not preferred because they are less economical. 
Alternatively, a continuous annealing process in which the 
sheet is annealed before it is coiled may also achieve the 
desired results with annealing times as short as 30 

2 0 seconds . 

After interannealing the sheet is cold rolled to 
final gauge as in conventional processes. Typically, the 
thickness of the sheet will be reduced by about 80 to 
about 99%, in 3 to 5 passes, to a final gauge of about 

215 0.00076 to 0.00254 cm (0.0003 to 0.001 inches). The sheet 
is then finally annealed to achieve the desired properties 
in the finished foil . 

The processes of this invention provide a 
controllable rate of decrease in the properties of the 

30 foil with the final annealing temperature. Thus, it is 
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possible to select final annealing temperatures that 
provide desired properties in the finished foil . These 
temperatures, which may be between about 250°C to about 
325*^0, and more preferably between about 260°C and adbout 
5 290°C, are typically somewhat lower than those used for 
high manganese alloys such as 8015 or 8006. As long as 
the temperature exceeds the boiling point of rolling 
lubricants used in the process, one can obtain 
satisfactory wettcibility of the foil annealed at these 

10 lower temperatures. If the removal rate for volatile 

materials in the residual oil is reduced with the lower 
annealing temperatures, the time of the final anneal can 
be increased to compensate. 

The final annealing temperatures in the processes of 

15 this invention are selected to provide a soft, dead fold 
foil. The final annealing time is selected to insure 
complete removal of the rolling lubricants. The minimum 
final annealing time using a batch annealing process is 
therefore dependent on the size of the coil and the 

20 annealing temperature. Larger coils, having a longer path 
for the rolling oil vapor to travel, require longer 
annealing time. Lower annealing temperature similarly 
reduces the rate of removal of rolling lubricant. 
Typically, for a 30 cm (12 inch) wide coil, cUinealing at 

25 290°C for 18-24 hours is acceptable. The exact final 

annealing practice for each coil size may be determined by 
t^rial and error. As may be seen from the following 
examples, the final annealing temperature is coordinated 
with the interannealing temperature and the manganese 

30 level in the alloy to provide optimal conditions. 



BNSDOCiD: <WO 994262aAl_L> 



wo 99/42628 PCT/CA99/00138 

14 



10 



Example 1 

Aluminum alloy containing 0.1% manganese, 0.4% 
silicon and 0 . 6% iron was cast as a sheet on a twin belt 
caster and warm rolled to a thickness of 0.145 cm 
(0.057 inches) . The sheet was cold rolled to a thickness 
of 0.011 cm (0.0045 inches). One half of this material 
(coil A) was interannealed at 275°C and the other half 
{coil B) was interannealed at 245°C. The two smaller coils 
were cold rolled to a thickness of 0,00145 cm (0.00057 
inches) . Samples were taken from each coil and annealed 
in a laboratory at different temperatures, producing the 
following results . 



Final Yield 
Interanneal Anneal UTS Strength Mullen 

Coil Temp. °C Temp. <>€ (ksi) (ksi) (psi) 



275 



245 
255 
270 
290 



15.61 
10.35 
9.58 
9.98 



13 .64 
10.35 
9.58 
9.98 



5.5 
8.8 



245 



15 



250 

270 
290, 



21.7 

19.45 

16.48 



20.14 
18.02 
16.48 



18 .5 

16 
10 



This example illustrates the effect of interanneal 
temperature on the mechanical properties of the foil after 
the final anneal at different temperatures . As can be 
seen, when the interanneal temperature is 275°C, mechanical 
20 properties such as yield strength or UTS fall 

precipitously with increasing final anneal temperature. 
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making it extremely difficult to choose a final anneal 
temperature at which properties comparable to 8015 
(Table 1) can be obtained. However, when the interanneal 
temperature is decreased to 245°C, the rate of decrease of 
5 mechanical strength with increasing final temperature 

slows down considerably, making it practical to anneal the 
foil at a temperature at which properties comparable to 
8015 can be. obtained. 

10 Example 2 

Coil B from Example 1 was given a final anneal of a 
temperature of 33 0°C, and had the following properties: 

Yield 

Strength Mullen 
UTS (ksi) (ksi) (psi) Elongation 

11.97 8,39 10 1.5% 

•15 The final properties of this material were not in the 

desired range because the final anneal temperature was too 
high. 

Example 3 

20 A coil of aluminum sheet containing 0.1% manganese, 

0-4% silicon and 0.6% iron was produced by the continuous 
casting process described in Example 1 . The coil was cold 
rolled to a thickness of 0.011 cm (0.0045 inches), 
interannealed at a temperature of 23 0''C and rolled to final 

25 thickness of 0.0015 cm (0.00059 inches). This coil was 



BNSDOCID: <WO 9942628A1 J_> 



wo 99/42628 



PCT/CA99/00138 



16 

then given a final anneal in the plant at a temperature of 
290''C. The properties of the foil were: 



Yield 
Strength 
UTS (ksi) (ksi) 



16.2 



12 .8 



Mullen 
(psi) 

11 



Elongation 
1.5% 



5 The properties of this foil are quite close to 

desired levels, although the Mullen value was somewhat 
lower. Lower final annealing temperature should bring 
them to a level close to the properties of 8015 foil. 

10 Example 4 

Another coil of aluminum sheet containing 0.1% 
manganese, 0.4% silicon and 0.6% iron was cast using the 
same belt casting process. The coil was cold rolled to a 
thickness of 0.011 cm (0.0045 inches) and annealed at 

15 245^*0. The annealed coil was further cold rolled to a 
thickness of 0.0015 cm (0.00060 inches) and finally 
annealed at 285°C. The properties were: 



UTS 
(ksi) 

20.7 



Yield 
Strength 
(ksi) 

17.8 



Mullen 
24.7 



Elongation 
2.1% 



20 These examiples demonstrate that by choosing the right 

combination of manganese content, interanneal temperature 
and final anneal temperature a high strength foil with 
properties even superior to 8 015 can be obtained. The 
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processes of this invention produce these superior foils 
without the excessive work hardening, edge cracking and 
other problems that typify the production of 8015 foil. 
As those skilled in the art will appreciate, many 
5 modifications may be made to the compositions and 
processes described herein. These exan^les and the 
balance of the foregoing description are merely 
illustrative. They are not meant to limit the scope of 
this invention, which is defined by the following claims. 
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Claims : 

1. A process of producing aluminum foil having dead 
fold foil characteristics with a yield strength of at 

5 least 89.6 MPa (13 ksi) , and ultimate tensile strength of 
at least 103.4 MPa (15 ksi) and a Mullen rating of at 
least 89.6 kPa (13 psi) at a gauge of 0.0015 cm (0.0006 
inch) , wherein an aluminum alloy is cast to form an ingot, 
the ingot is cold rolled to produce a cold worked sheet, 

10 the cold worked sheet is interannealed, the interannealed 
sheet is cold rolled to a final gauge sheet of foil 
thickness, and the final gauge sheet is annealed; 
characterized in that the aluminum alloy is selected to 
contain an amount of magnesium in the range of 0.05 to 

15 0.15% by weight, and the cold worked sheet is 

interannealed at a temperature in the range of 200 to 
260<>C. 

2. A process in accordsuice with claim 1, 
20 characterized in that said cold worked sheet is 

interannealed at a temperature in the range of 23 0 to 
250°C. 

3. A process in accordance with claim 1, 

25 characterized in that said final gauge sheet is annealed 
at a temperature in the range of 250 to 325°C. 
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4. A process in accordance with claim 1, 

characterized in that said final gauge sheet is annealed 
at a temperature in the range of 260 to 290 °C. 



5 5. A process in accordance with claim 1, 

characterized in that said cast aluminum alloy has at 
least about 0.05% manganese in solid solution after 
interannealing. 

10 6, A process in accordance with claim 1, 

characterized in that said cast aluminum alloy includes at 
least about 0.1% manganese and said interannealed sheet 
contains at least about 0.08% manganese in solid solution. 

15 7. A process in accordance with claim 6, 

characterized in that said interannealed sheet contains at 
least about 0.095% manganese in solid solution. 

8. A process in accordance with claim 1, 

20 characterized in that said cold worked sheet is 
interannealed at a teraiperature that produces an 
interannealed sheet that has at least about 0.05% 
manganese in solid solution, but is softened sufficiently 
to permit the sheet to be rolled to final gauge with a 
25 reduction in thickness of at least about 80%. 
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9. A process in accordance with claim 8, 
characterized in that said interannealed sheet is rolled 
from a thiclcness of 0.05 to 0.005 cm (0.02 to. 0.002 
inches) to a final gauge of 0.0008 to 0.0025 cm (0.0003 to 

5 0 . 001 inches) . 

10. A process in accordance with claim 9, 
characterized in that said interannealed sheet is cold 
rolled to a final gauge of about 0.0015 cm (0.0006 

10 inches) . 

11. A process in accordance with claim 8, 
characterized in that said final gauge sheet is finally 
annealed at a temperature of about 250°C to about 325''C. 

15 . 

12. A process in accordance with claim 1, 
characterized in that said aluminum alloy comprises at 
least 0.095% manganese by weight. 

20 13. A process in accordance with claim 1, 

characterized in that said aluminum alloy contains from 
0.095% to 0.125% manganese by weight, and said cold worked 
sheet is interannealed at a temperature between 230°C and 
250*^C to produce interannealed sheet containing at least 

25 0.08% manganese in solid solution. 
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14 . A process in accordance with any one of claims 

to 13, characterized in that said aluminum alloy is 
selected to have an iron content of less than 0.8% by 
weight . 
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